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Abstract

This design report covers the journey of my 4th 
year capstone project for my undergraduate 
degree in Product Design. It describes my 
experiences moving through the design process, 
moving through numerous research, ideation, 
testing, and prototyping phases.

I explored the critical issue of post-discharge 
care for premature infants in South Africa 
focusing on the development of a digital health 
intervention, NeoNu, to bridge the gap between 
hospital discharge and home care. The research 
employed a systems thinking approach, utilizing 
tools like cause-effect loops, Ishikawa (fishbone) 
diagrams, stakeholder mapping and leverage 
wheels to understand the complex interplay of 
factors affecting post-discharge care. Ethnographic 
research, including hospital visits and interviews 
with healthcare providers and caregivers, 
provided crucial insights into the real-world 
challenges faced by families. The study revealed 
that a significant percentage of families do not 
return for follow-up appointments, highlighting 
the urgent need for accessible, at-home monitoring 
tools.

Premature infants face numerous environmental 
and biological risk factors post-discharge, which 
contribute significantly to adverse health outcomes. 
South Africa’s healthcare system often struggles to 
provide adequate support, especially in resource-
constrained settings where there are limited 
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healthcare facilities. Parents and caregivers of 
premature babies face complex environmental 

and socio-economic constraints, leaving them 
without the necessary tools and support to 

monitor their baby’s health post discharge, or 
to attend regular followup appointments.

NeoNu, a mobile application, was designed to 
address these challenges by enabling parents 

to track their infant’s health, identify warning 
signs, and facilitate communication 
with healthcare providers. The app 
focuses on monitoring key indicators 

such as feeding, growth, and potential 
infections, providing timely alerts and 

educational resources. The design process 
emphasized the importance of a low-cost, 
user-friendly solution, adaptable to the 

South African context.

Findings from user testing and healthcare 
provider feedback validated the feasibility and 
potential impact of NeoNu. The app addresses 

critical gaps in post-discharge care, offering 
a scalable solution to improve health 
outcomes for premature infants. This project 
demonstrates the potential of digital health 

interventions to enhance healthcare delivery 
in resource-limited settings, emphasizing 

the need for continued development and 
implementation of such tools to support 
vulnerable populations.
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Just before I turned three, 
my family left the urban 
sprawl of Pretoria and 
moved to Prince Albert - a 
small, dusty town in the 
heart of the Great Karoo in 
South Africa.

Chapter 1 - Context

Personal Background and Motivation

Years later, when I asked my parents why 
they decided to move there, they casual-
ly mentioned a Sunday drive where they 
decided it looked like “a good place to 
raise happy, barefoot children.” And so, 
they sold their house, packed up their 
little family, and plunged us into the 
heart of the semi-arid Karoo.

My brother and I spent our days outside 
in the Karoo sun, playing in the leivoor 
(irrigation ditches), catching frogs, and 
getting up to all sorts of mischief. This 
upbringing cemented in me the age-old 
truth that necessity is the mother of
invention. There is nothing quite like 
boredom to give you a sparkling idea.

Figure 1: Prince Albert, My Home Town
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As I grew older, I went to a small school 
called Albert College. Our school motto 
was “It all Depends on You.” At first, this 
may sound intense. Like a burden, even. 
But truer words were never spoken. 
We were taught that effort equals 
reward; you can build a beautiful life if 
you show up, see the need, and dive in 
headfirst. Once you’ve tasted that kind 
of agency, it’s hard to approach anything 
differently. We learned that we can’t 
wait for someone else to fix things – we 
must take action ourselves.

My father, a big thinker (he started his 
company in university, basically the 
founder of “working from home”), and 
my mother, who traded environmental 
law for raising us, were both forces of 
nature. Mom, in particular, channeled 
her drive into meaningful community 
projects. When I was home sick from 
school, I would go with her to the 
various community projects she was 
involved with. I watched as real people 
came together every day to bring about 
real change. I didn’t know it at the time, 
but this sparked my love for social 
innovation.

South Africa has a challenging, messy, 
and unique history. As South Africans, 
we are a resilient, complex, beautiful 
people, living in a resilient, complex, 
beautiful country. I learned the value 
of community early on. In a small town, 
everyone is equal. My mother always 
said the local lawyer’s job is just as vital 
as the rubbish truck driver’s. If either 
dropped the ball for a week, the whole 
town would feel it. Community means 
everyone stepping up and contributing 
to a shared goal.

Figure 2: My Mom (Ellen) and Dad (Anton)
Figure 3: Mom at the Town’s Recycling Project

Figure 4: Albert College

Figure 5: Me and my Brother, Siemon
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Years later, I arrived in Canada bright 
eyed and bushy tailed, ready to start my 
degree in Product Design. The culture 
shock of immigrating halfway across 
the world was immense. Suddenly 
“design for meaning” meant debating 
sustainable materials for three figure 
leggings. Suddenly “community” 
became polite $8 coffee chats. And 
“making a difference” felt like superficial 
gestures. I grappled with this shift. What 
about everyone back home who had no 
power for days on end? What about 
those fighting every day in a crumbling 
economy? 

That is why, when the time came for my 
capstone project, I knew I wanted to
make it matter. Really matter. I count 
myself lucky to have grown up the way I 
did, and I wanted to channel my unique 
background into creating something 
powerful and impactful. I wanted to give 
back to South Africa for all it has given 
me.

What about my people?

Defining the Design Challenge – a Systems
Design Methodology

This question haunted me as I embarked 
on my capstone year. I wanted to use my 
capstone project as a trial run for tackling 
a complex social innovation problem, 
but it left me with the question: how do 
we solve a big problem? Hell, how do 
we even IDENTIFY which big problem to 
solve?

How do we make a positive 
impact through design? 

Figure 6: My First Day at KPU in Canada
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Systems design, which I was introduced 
to in my second year of university, 
helps identify “leverage points” – key 
areas where interventions can have the 
most significant impact. It involves four 
phases:

I pitched three pressing South African 
issues to my professors: gender-based 
violence, preterm infant mortality, and 
gendered poverty in rural areas. We 
narrowed it down to preterm infant 
mortality rates, a slightly more feasible, 
though still daunting, challenge.
My topic was still incredibly broad, so I 
needed a way to pinpoint the core issue 
before attempting any solutions.

Each phase uses design thinking 
exercises and mapping to frame the 
problem, explore its causes, and develop 
solutions. I’ll delve deeper into these 
phases in the following chapters.

Enter systems design.

•	 Structuring the problem
•	 Understanding and intervening the 

system
•	 Creativity and creating certainty
•	 Implementation (putting the 

solutions into action)

Figure 7: A Premature Baby in an Incubator

Figure 8: Systems Mapping Exercise
from Previous Projects
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Chapter 2 - Discovery

Preliminary Research

The first order of business was getting into some research and understanding the bare 
bones of the problem. I had a loose research question in my mind: “How might we lower 
the number of deaths of premature babies in South Africa?”
I approached my research with a mixed-methods design. A mixed methods approach 
can be described as one where “researchers combine elements of qualitative and 
quantitative research approaches (e.g., use of qualitative and quantitative viewpoints, data 
collection, analysis, inference techniques) for the broad purposes of breadth and depth of 
understanding and corroboration.”¹

Some of my early findings helped frame the issue of preterm birth and death rates both 
globally and locally (in South Africa).

Locally:Globally:
•	 “Preterm births occur earlier 

than 37 weeks of an expected 
40-week full-term pregnancy ²

•	 “Globally, an estimated 13.4 
million babies were born 
premature in 2020, with nearly 
a million dying from preterm 
complications ²

•	 Globally, preterm birth is now 
the leading cause of child 
deaths, accounting for more 
than one in five of all deaths of 
children occurring before their 
fifth birthday ²

•	 84,000 babies are born 
preterm every year ³

•	 This equates to 1 in 7 babies 
being born preterm ³

•	 South Africa is ranked 24th 
in the world for newborn 
deaths linked to preterm 
birth ³

•	 South Africa is ranked 5th in 
the world for global preterm 
birth rates ⁴

•	 11% of preterm births in 
Sub-Saharan Africa result in 
death ⁴

¹ Elliot, N., Fox, G., Smith, R., & Zourrig, H. (2018). RSMT course notes

² United Nations. (2023, May 10). “silent emergency”: Premature births claim a million lives yearly | africa renewal. United Nations.

³ South African Government. (2023, November 21). Health commemorates World Prematurity Awareness Month, 22 Nov. Health 

Commemorates World Prematurity Awareness Month, 22 Nov. https://www.gov.za/news/media-advisories/government-activities/

health-commemorates-world-prematurity-awareness-month

⁴ Born too soon: decade of action on preterm birth. Geneva: World Health Organization; 2023. Licence: CC BY-NC-SA 3.0 IGO. (https://

creativecommons.org/licenses/ by-nc-sa/3.0/igo/)
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As a rule of thumb in social innovation 
design, we can look to guidelines 
like the United Nations Sustainable 
Development Goals. These goals were 
outlined by the UN to create a rubric for 
countries to ensure global prosperity 
for people and the planet. My project 
aligned with target 3.2:

By 2030, end preventable deaths of 
newborns and children under 5 years of 
age, with all countries aiming to reduce 
neonatal mortality to at least as low as 
12 per 1,000 live births and under-5 
mortality to at least as low as 25 per 
1,000 live births.

I knew I was on the right track, and like a 
hound on the hunt, I set off.

Now that I had a basic understanding 
of the problem, I needed to understand 
what was causing high mortality rates of 
premature babies in South Africa. I cast 
my net wide and dug into a literature 
review. 
As part of my research, I reviewed over 
60 peer-reviewed journals and scientific 
papers from a variety of sources such 
as the World Health Organization, the 
International Journal of Gynecology and 
Obstetrics, PubMed, the South African 
Medical Journal, the South African 
Journal of Childhood Health, and the 
South African Department of Health. 
From this research I gained a deeper 
understanding of the effect of preterm 
birth in South Africa.

Building out the Picture
With Literature review

Although there is a consensus on South 
Africa’s high preterm birth rates, there is 
also an acknowledgment that the true 
national burden remains unknown.⁵ I 
found it challenging to identify specific 
numbers, as available public health data 
often had gaps and inaccuracies. The 
nature of preterm birth is such that it 
makes it difficult to monitor on a national 
scale: gestational age at birth is subject 
to bias, estimated according to the 
mother’s last menstrual period instead 
of relying on more accurate ultrasounds. 
This meant that much of what I was 
reading was only the tip of the iceberg.

⁵ Ramokolo , V., Malaba , T., Rhoda , N., Kauchali , S., & Goga, A. (2019). A landscape analysis of preterm 
birth in South Africa: systemic gaps and solutions. South African Health Review, 2019(01), 133–144. 

Figure 10: UN SDGs
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A common theme across the literature was high neonatal and postnatal 
death rates. (Neonatal refers to the first 28 days of a baby’s life, and 
postnatal refers to the period after that first 28 days.) I wanted to 
understand the causes – why are premature babies dying? We can 
split these causes into three broad categories:

Maternal factors:
These included poor 
maternal health conditions 
(like HIV, Tuberculosis, or 
other infections that can be 
passed on to the infant), low 
socioeconomic status, and 
other complications during 
pregnancy that could result in 
premature delivery.

Infant factors:
These have to do with the fact 
that premature babies (often 
referred to as preemies) are 
born with underdeveloped 
organ and immune systems. 
Their underdeveloped systems 
struggle to adapt to the 
external environment.

Environmental factors:
These are any external factors 
that may play a role. These 
were the widest category 
of causes, as they ranged 
from cultural stigmas around 
pregnancy that prevented 
mothers from seeking care 
while pregnant, to a crumbling 
economy which led to an 
overburdened healthcare 
system that does not have the 
resources it needs to support 
preemies and their families.

The literature consistently highlighted the complex interplay of maternal and environmental 
factors leading to high preterm birth rates. This influx of premature babies overwhelms the 
healthcare system, which is overburdened and under-resourced. A vicious cycle ensues as 
hospitals are forced to discharge families early, and as a result, premature babies face a 
high likelihood of complications (and even death), placing further strain on the healthcare 
system.
It was now time to take what I had learned and have some real, challenging conversations 
about it. I needed to find the needle in this haystack.
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As part of my ethnographic research, I 
conducted primary research in the form 
of interviews with relevant industry 
professionals. I started with my own 
network of people, chatting to nursing 
students, nurses, early childhood 
development educators, etc. This 
network slowly grew as my contacts 
pointed me in the direction of others who 
may be able to give me their perspective 
on the subject: neonatologists, 
pediatricians, midwives, etc.

I held informal conversations with 
anyone who was willing – mostly 
over the telephone or on Zoom. In the 
beginning, I asked open-ended questions 
to supplement what I understood 
about the problem. My understanding 
of the complex maternal, infant, and 
environmental factors was confirmed.

Some of the most interesting insights 
from my conversations were that many 
hospitals in the Western Cape province 
of South Africa were extremely well run, 
in terms of the care provided within the 
hospital setting.

A truly human-centered 
design approach requires 
direct engagement with those 
involved. Reading academic 
papers can only take you so 
far in understanding the crux 
of a problem.

Filling in the Gaps
With Interviews

One of the people I spoke to was a friend 
who is a nursing student. She happened 
to be doing her practicals in the 
maternity ward at the time. Some of the 
tales she told were harrowing. Clinics 
and hospitals were overwhelmed, and 
parents faced language and educational 
barriers when it came to understanding 
how to care for their babies.

The nurses and doctors are so 
overwhelmed with work that they don’t 
have the time to spend hours one-on-one 
with parents to go over extra resources 
that will help them understand how to 
care for their babies better. And it’s not 
because they don’t care—it’s because 
they don’t have the resources.

My main goal? To narrow 
down my problem.
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A theme in all my conversations was 
how deeply healthcare workers care 
about these tiny lives they are saving. 
A matron explained that her nurses feel 
the loss of a baby almost as deeply as 
the family, because they care for these 
babies for months on end.

A Neonatologist at one of Cape Town’s 
largest hospitals explained that 
preemies at her hospital are discharged 
when they reach 1800g. For reference, 
a full-term baby typically weighs 3.5kg. 
She explained how the hospital invests 
so much time and energy into getting 
the baby from 800g (yes, some really 
are born this small) to 1800g, but once 
they are sent home, their health declines 
so quickly. They are highly susceptible 
to infections, hypothermia, and growth 
deficiencies.

Another pivotal conversation was with 
a Pediatric Surgeon from Cape Town. A 
team of surgeons had performed life-
saving surgery on a pair of conjoined 
twins, successfully separating them. The 
twins were in hospital for over a year, 
receiving the best care. Once they were 
stabilized, they were sent to a smaller 
clinic closer to their home. However, 
within one month, they had passed 
away due to an infection they picked up.

I had many more conversations that truly 
brought depth to my understanding 
of the complexity of the problem I had 
chosen. Armed with all this information, 
it was time to step back and look at 
the bigger picture I had created to 
choose a path forward. At this point, 
I was deeply under the impression of 
how overwhelming it is to solve such a 
complex issue.

Figure 11: Micro Preemie, Born at 26 Weeks
Gestational Age and Weighing 311 Grams

Figure 12: Micro Preemie Jazeel Hlope, Born Near 
Johannesburg at 25 weeks Gestational Age and 

Weighing 395 Grams
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The solutions and interventions that 
kept coming up in my research seemed 
to focus almost exclusively on two areas: 
antenatal care (care during pregnancy 
for the mother) to lower the risk of 
preterm birth in the first place, or acute 
care (care within the first few weeks 
after birth) while in the hospital. I found 
this strange as something kept coming 
to my mind: what happens when they 
leave the hospital?

Although not explicitly emphasized in the 
literature, post-discharge complications 
appeared to be a significant issue. One 
study indicated that 98.2% of post-
natal deaths occurred after discharge 
from hospital.⁶ Case studies of similar 
environments have investigated 
predictors of mortality after discharge, 
identifying factors such as sepsis, 
pneumonia, and cot death.⁷ Maternal risk 
factors may include poor antenatal care, 
age at delivery, and level of education⁸, 
environmental risk factors may include 
scarcity of skilled healthcare workers, 
lack of infrastructure, smoke exposure, 
and resource restriction.⁹

Bringing it
All Together

⁶ Brink, L. T., Gebhardt, G. S., Mason, D., Groenewald, C. A., & Odendaal, H. J. (2019). The association between preterm labour, perinatal 

mortality and Infant Death (during the first year) in Bishop Lavis, Cape Town, South Africa. South African Medical Journal, 109(2), 

102–106. https://doi.org/10.7196/samj.2019.v109i2.13438

⁷ Nsubuga, R., Rujumba, J., Nyende, S., Kisaka, S., Idro, R., & Nankunda, J. (2024). Predictors of mortality among low birth weight 

neonates after hospital discharge in a low-resource setting: A case study in Uganda. PLOS ONE, 19(6). https://doi.org/10.1371/journal.

pone.0303454

⁸ De Jesus, L. C., Pappas, A., Shankaran, S., Kendrick, D., Das, A., Higgins, R. D., Bell, E. F., Stoll, B. J., Laptook, A. R., Walsh, M. C., & 

Eunice Kennedy Shriver National Institute of Child Health and Human Development Neonatal Research Network (2012). Risk factors 

for post-neonatal intensive care unit discharge mortality among extremely low birth weight infants. The Journal of pediatrics, 161(1), 

70–4.e42. https://doi.org/10.1016/j.jpeds.2011.12.038

⁹ Michaelis, I. A., Krägeloh-Mann, I., Manyisane, N., Mazinu, M. C., & Jordaan, E. R. (2021). Prospective cohort study of mortality in very 

low birthweight infants in a single centre in the Eastern Cape province, South Africa. BMJ paediatrics open, 5(1), e000918. https://doi.

org/10.1136/bmjpo-2020-000918

¹⁰Kleinhout, M. Y., Stevens, M. M., Osman, K. A., Adu-Bonsaffoh, K., Groenendaal, F., Biza Zepro, N., Rijken, M. J., & Browne, J. L. (2021). 

Evidence-based interventions to reduce mortality among preterm and low-birthweight neonates in low-income and middle-income 

countries: a systematic review and meta-analysis. BMJ global health, 6(2), e003618. https://doi.org/10.1136/bmjgh-2020-003618

Figure 13: A Premature baby Receiving Kangaroo 
Mother Care: Skin-to-Skin Contact with Proven

Benefits for Mother and Baby 
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I had discovered that home-based 
newborn care¹⁰ proved an effective 
opportunity for intervention. 
Additionally, my interviews confirmed 
that improved education around care of 
preterm infants has proven effective in 
lowering post-discharge death rates. My 
interviews also confirmed that methods 
such as kangaroo mother care, peer-to-
peer education, and community-based 
referrals prove effective in supporting 
families of preterm infants.

I kept thinking back to some of the 
market research I had done. Everyone 
was so fixated on caring for these babies 
in hospital, that we were not looking 
beyond their time in the NICU (Neonatal 
Intensive Care Unit).

Existing designs almost exclusively 
looked at designing medical equipment 
– designers heard the words “premature 
baby” and immediately decided that 
designing an incubator must be the best 
way to help.

I came across one story where a 
group of designers were tasked with 
the problem of how to decrease the 
number of infant deaths globally. The 
team identified that if more babies had 
access to incubators, they would have 
a greater chance of survival. However, 
in developing countries, incubators are 
few and far between. Anyone who’s 
ever lived in a developing country will 
confirm that there is one thing that is not 
in short supply: scrap metal and spare 
car parts. And so, the team ingeniously 
designed an incubator that could be 
built and repaired using spare car parts. 
It was ingenious.

However, for a number of valid reasons, 
it was never adopted in the developing 
countries it was intended for. The 
designers had missed the mark, and 
however bright their solution was, their 
primary users didn’t want to adopt it.
I didn’t want my design to end up 
obsolete because I thought I was solving 
the problem when it was entirely 
different.
It felt like I had finally gotten somewhere. 
I had found the end of the big, knotted 
ball of string. Now it was time to start 
framing my issue.

It felt like I had finally gotten 
somewhere. I had found the 
end of the big, knotted ball 
of string. Now it was time to 
start framing my issue.

Figure 14: NeoNurture Incubator
Designed Using Car Parts
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The mindmap visually dissects “Poor outcomes post discharge” into interconnected social, 
political, environmental, economic, cultural, and healthcare system factors. This structure is 
invaluable in systems design as it immediately reveals the intricate web of influences at play.

Structuring the problem 
entails breaking the main 
problem into smaller, more 
manageable problems. 

Chapter 3

Structuring the Problem

We do this without losing sight of how 
each of these problems are connected to 
one another. Tools used in this part of 
the process include:
•	 Mind maps
•	 Spyder diagrams
•	 Cause effect loops
•	 Environmental mapping

Mind Mapping the Problem: Breaking Down 
Neonatal Care Challenges

Figure 15: Mind Map
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Social:
Includes factors like family 
structure, social influences 
(lifestyle), language barriers, 
gender-based violence, 
xenophobia, and high crime 
rates.

Political:
Covers political unrest, 
corruption, poor education 
policies, “junk status” 
economy trading, BRICS 
alliances, women’s rights, 
and loadshedding (power 
outages).

Environmental:
Features air pollution, indoor 
pollutant exposure, second-
hand smoke, water quality, 
and heat stress.

Economic:
Highlights weak currency, 
healthcare costs, short 
maternity leave, sick leave, 
high unemployment rates, and 
public vs. private care.

Cultural:
Encompasses tradition, 
religion, spiritual beliefs, 
substance abuse, caregiver 
differences, stigma around 
birth, food and drink, and 11 
official languages.

Healthcare System:
Includes understaffing, 
disparities in protocol, junior 
doctors making decisions, 
lack of Kangaroo Mother 
Care (KMC) wards, early 
discharge, postnatal care 
access, referral system issues, 
equipment costs, technology 
and innovation gaps, and 
sanitation access.

All of these factors cause poor health outcomes post-discharge for premature babies. The 
lines connecting the nodes highlight the interdependencies between different factors. For 
example, “Poor education policies” (political) can contribute to “High unemployment rates” 
(economic), which in turn can exacerbate “Malnourishment” (social). Recognizing these 
connections is crucial for developing holistic solutions.
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Spyder diagrams are a useful tool for 
visualizing different causes and effects 
for a particular outcome. 
In this case, I was able to visualize my 
research to plot the vast causes and 
intricate effects of poor health outcomes 
post-discharge.

The “Causes” branch reveals a multi-
layered system: Maternal Factors 
(age, health conditions, lifestyle), 
Socioeconomic Factors (education, 
violence, stress), Environmental Factors 
(physical labor), Medical Interventions 
(cervical issues, uterine abnormalities), 
and Infant Risk Factors (low birth weight, 
prolonged stay, etc.).
These highlight how a preterm infant’s 
health is influenced by a confluence 
of medical, social, and environmental 
circumstances.

The “Effects” branch demonstrates 
the cascading consequences of poor 
outcomes, impacting the infant (long-
term developmental delays, neurological 
problems), healthcare systems (increased 
demand, poor growth monitoring), and 
families (financial strain, educational 
challenges). This illustrates the system’s 
ripple effect, where initial health issues 
lead to broader societal and personal 
burdens.

Spyder Diagrams: 
Causes and Effects

Figure 16: Spyder Diagram - Causes

Figure 17: Spyder Diagram - Effects
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Cause and effect loops help us to identify what we can refer to as “vicious 
cycles” within a problem. We start by writing down the words/entities in a 
cycle of events, and then allocate plusses and minus between words. Plusses 
mean that there is a reinforcing (additive) effect, while minuses mean there 
is a balancing (negative) effect. We then look at the loop as a whole and see 
whether the overall cause-effect loop is reinforcing, or balancing. 

Cause-Effect Loops: 
Identifying Reinforcing and Balancing patterns

Figure 18: Cause Effect Loop Relating Preterm Birth and 
Economic Impacts of High Death Rates Post Discharge

Figure 19: Feedback Loop Notes from 
Literature Review- Challenges in Healthcare 

Provider Training  

Figure 20:  Reinforcing Feedback Loop - 
the Social Impacts of Preterm Birth
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Stakeholder mapping allows us to map the different entities involved in a problem scope, 
and to highlight their level of involvement. When it comes to premature babies, we can 
split stakeholders into three key levels of involvement: core, involved, and informed. This 
helps highlight who we can target with our design, and at which level.

This flow map outlines 
the sequential interactions 
between healthcare 
stakeholders - patient, 
obstetrician, midwife, 
neonatologist, pediatrician, 
nurse, and lactation 
consultant - during prenatal, 
birth, and postnatal 
care. It highlights the 
coordinated roles and 
handoffs in the patient’s 
journey, emphasizing the 
interconnectedness of care.

Environmental Mapping:
Stakeholders and the Macro Environment

Figure 21:  Stakeholder and 
Environmental Mapping

Figure 22:  Flow Map Highlighting 
Relationships Between Entities
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Lastly, it is important to understand the macro and micro environmental factors at play. 
This map illustrates the complex stakeholder ecosystem surrounding preterm infants and 
mothers, categorized by their level of involvement (Core, Supporters, Involved, Informed). It 
highlights the interplay between these stakeholders and critical environmental factors like 
poor socio-economic conditions, government corruption, lack of infrastructure investment, 
and limited public education. The map underscores the systemic challenges impacting 
maternal and infant health, emphasizing the need for collaborative solutions across various 
sectors.

Key takeaways from this 
exercise were that families 
of premature babies are 
often multigenerational, 
living in single-family 
homes, informal 
dwellings, and remote 
locations. Lastly, they 
are an incredibly resilient 
community. 

Figure 23:  Environmental and 
Stakeholder Entity Map
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Understanding and 
intervening the system 
entails looking at the root 
causes of a problem, and 
then suggesting solutions 
for each one.

Chapter 4

Understand and Intervene the System

In order to do this, I used the fishbone 
diagram method: I identified a series 
of problems that contribute to the 
overall problem. In the case of poor 
health outcomes for premature 
babies, we have the following 
categories of causes/problems:
•	 Policy and governance factors
•	 Healthcare system factors
•	 Socioeconomic factors
•	 Infant biological factors
•	 Parental/ caregiver factors
•	 Environmental factors 

(community)
•	 Environmental factors (within 

home)

We then take these problems, and each one becomes its own “fish head.” 
Each fishbone becomes it’s own sub-problem of the main problem. We then 
plot more sub-problems, eventually breaking up the problem’s problem’s into 
problems. I know this sounds like a lot, but hang in there with me.

Figure 24: Fishbone Map of Problems Related 
to High Infant Mortality Post-Discharge
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I created four fishbone diagrams for 
the following categories of problems 
that contribute to high death rates 
post-discharge:

•	 Home environment
•	 Community environment
•	 Healthcare system issues
•	 Infant risk factors

Fishbone Diagrams:
Finding the Root Causes

Figure 25: Fishbone Map of the Community 
Environment to Which Families are Discharged



Figure 26: Fishbone Map of the Home Environment to 
Which Families are Discharged
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Figure 27: Fishbone Map of Problems in the South 
African Healthcare System
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Let us take the infant biological risk 
factor fishbone (Fig 25)  as an example. 
Branching off from this central spine 
are eleven main categories, each 
representing a potential cause of 
poor health outcomes for premature 
infants after discharge:
•	 Poor Growth
•	 Poor Immune System 
•	 Poor Feeding
•	 Poor Sleep
•	 Poor Neurological Development 
•	 Sepsis
•	 Hypothermia
•	 Hypoglycemia

Under each of these categories, I 
mapped out the potential causes for 
such a problem. For example, poor 
feeding may be because of delayed 
hunger cues, underlying illnesses 
reducing feeding abilities, latching 
issues, the baby being too tired to 
feed, etc. 

I moved through each bone of each 
fishbone diagram until I had all of the 
causes of each contributing factor 
mapped out (Figures 29 - 33)
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Figure 28: Fishbone Map of Biological Risk Factors 
Faced by Infants Post-Discharge
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I then moved on to mapping solutions 
to these problems. Again, let’s take 
the problem of poor feeding:

Fishbone Diagrams:
Identifying Possible Interventions

•	 Delayed hunger cues can be 
solved by teaching parents 
cue recognition and hunger 
recognition

•	 Underlying illnesses reducing 
feeding abilities can be solved by 
identifying possible underlying 
causes and illness and treating 
them

 Latching issues can be solved by 
encouraging parents to bring their 
bottles to the NICU for training, and 
providing training on breastfeeding 
practices
•	 Baby being too tired to feed can 

be solved by address possible 
underlying conditions that cause 
lethargy in the baby

I continued this process for the 
remaining fishbone diagrams, until 
I had over a hundred solutions, all 
contributing to preventing poor 
health outcomes for premature 
babies post discharge.

Figure 29: Fishbone Interventions Map
for Poor Feeding



Figure 30: Fishbone Interventions Map for the Home 
Environment to Which Families are Discharged
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Figure 31: Fishbone Interventions Map for the Community 
Environment to Which Families are Discharged
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Figure 32: Fishbone Interventions Map for Biological 
Risk Factors Faced by Infants Post-Discharge
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Figure 33: Fishbone Interventions Map for Problems in 
the South African Healthcare System
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Chapter 5

Creativity and Creating Certainty

Now that I had broken down the 
problem into smaller problems and 
their associated solutions, it was time to 
assess which of these solutions would 
have the deepest impact. This is where 
we introduce iceberg mapping. 

In the words of my professor, Dr. Victor 
Martinez, “Complex problems don’t 
have silver-bullet solutions, they are 
solved by multiple small interventions 
that complement each other. That is 
the goal of this step, finding how our 
interventions connect and complement, 
what is within our reach or out of it,
and what value or success means for 
each entity”

Iceberg Mapping: Plotting Interventions on a 
Scale of Impact

We can use an iceberg map to 
plot our solution on a scale of 
impact. The iceberg is split into 
12 levels, spanning four broad 
categories: Events, Patterns, 
Structures, and Mental Models.

Level 12 (numbers) is the least 
effective or most superficial 
level of interventions. As we 
move down the iceberg, the 
interventions grow in their 
potential to transform the 
systemic problem at hand. Level 
1 (transcend paradigms) is the 
most profound, as they alter the 
foundational ways people think 
and act.

Figure 34:  Iceberg Levels
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I started by taking each of my interventions (solutions) from each of my fishbone 
diagrams and started mapping them onto the iceberg by varying levels. Many of 
the interventions spanned several levels, making their potential for impact vast. 
I found that the iceberg levels with the most solutions to be 10 (structures), 6 
(information), 5 (rules), 4 (self-organize), and 3 (systems objectives).

Figure 35:  Iceberg Levels
With Interventions
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I then moved onto the leverage wheel - a 
tool that maps the levels of the iceberg on 
a wheel, allowing us to draw connecting 
lines between solutions to see which 
ones are the most interconnected across 
a spread of effectiveness. 
Here, it became clear that the most 
effective solutions from lower levels 
such as level 2 (system paradigms) 
connected with solutions across all 
levels of the iceberg.

Themes that emerged were 
addressing possible underlying 
health conditions, improving 
caregiver ability to update 
health data post discharge, 
recognizing warning signs 
for preventative measures, 
identifying symptoms and 
behaviors, and improving 
caregiver ability to connect with 
healthcare providers remotely. 

Leverage Wheels: Identifying the Most
Effective Interventions
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Figure 36:  Leverage Wheel
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Symptom 
Recognition

Recognize warning 
signs and take 
preventative 
measures
Identify symptoms 
and behaviors to 
provide better care

 Remote monitoring 
and data access

Improve caregiver ability to 
update health status post 
discharge
Improve ability of healthcare 
providers to access 
information about baby post 
discharge
Allow caregivers to 
communicate with 
healthcare providers easily 
and remotely

The most interconnected interventions 
from the leverage wheel could be split 
up into two categories of clear
intervention objectives:
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My solution: a post discharge care 
kit and remote health monitoring 
system, consisting of data collection, 
preventative, connection/alert, and 
educational tools.
Now that this had been clarified, I could 
move on to the next part of my journey, 
which would quite literally transport me 
halfway across the world... 

At this point, it was December, and 
the end of the first half of my capstone 
project. It was time to conclude my 
research, map building, and deep 
thinking. I needed to narrow down all 
my work to my design conclusion: what 
was I going to design in order to lower 
the number of deaths of premature 
babies in South Africa, after discharge 
from hospital?

Bringing it all together:
Design Conclusion and Hierarchy
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Chapter 6 - Field Research and Testing

Field Research: Tygerberg Hospital

I also presented my concept to nurses 
and neonatologists on duty. The 
feedback was overwhelmingly positive. 
They affirmed that a tool for at-home 
preemie health monitoring would be 
transformative, given that over 60% 
of families at Tygerberg do not return 
for follow-up appointments. They 
emphasized the necessity for a low-
cost, user-friendly tool, suggesting that 
growth tracking and bacterial infection 
monitoring would be valuable starting 
points.

Additionally, I visited a local backpack 
and soft product manufacturing 
facility, discussing supply chains and 
manufacturing challenges with the head 
designer and manager. I also consulted 
with the founder of a local baby carrier 
brand, gaining insight into local physical 
product production.
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My capstone project received vital funding 
from Kwantlen Polytechnic University’s 
Student Research Innovation Grant (KPU 
SRIG 2024-70), enabling me to conduct 
on-site ethnographic research in South 
Africa during my winter break. This trip 
aimed to deepen my understanding of 
how my product would function within 
its intended environment.

I travelled to Cape Town, where I had 
arranged a visit to Tygerberg Hospital, 
the second largest hospital in South 
Africa and the largest district general 
hospital in the Western Cape province. 
I met with one of the Neonatologists, 
who gave me a tour of the NICU and 
Kangaroo Mother Care wards. I was 
shocked at the state of the hospital. The 
concept of “under resourced” became all 
too real. 

Mismatched bed frames and uncovered 
mattresses for parents beside their 
babies’ incubators. Security was 
tight, requiring passage through two 
checkpoints due to the high risk of infant 
abduction. Each of the eight neonatal 
care floors was filled with premature 
babies.

This visit marked my first direct encounter 
with the sheer fragility of premature 
infants. As we toured the wards, my eye 
skimmed over the first row of incubators, 
my heart skipped a beat, and my breath 
caught in my throat. I glimpsed a baby 
so small he could have fit within my 
cupped hands. We continued the tour, 
but that moment stayed etched in my 
mind. 

Figure 37: Me at 
Tygerberg Hospital
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During my time in South Africa, 
everything became a learning 
experience. Wherever I went, I looked 
critically at my surroundings. I was able 
to take pictures and make notes of any 
healthcare facilities I passed by. 
Something that caught my eye was 
how almost everyone I passed by had 
a cellphone on them. Even in the poorer 
communities, these cellphones were 
often smartphones. This was a positive 
indicator that my product could have a 
technological component.

Ethnographic observations:
Healthcare facilities in South Africa

Figure 38: Rural Community in the
Western Cape Province

Figure 40: Rural Healthcare
Clinic in Zambia

Figure 39: Rural Community in the
Eastern Cape Province

Figure 41: Rural Community
in Zambia

Figure 42: Semi-rural Community in the  
Western Cape Province
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Figure 43: Tygerberg Hospital, Cape Town -  the Largest Hospital in 
the Western Cape and the Second Largest Hospital in South Africa

Figure 44: Groote Schuur Hospital, Cape Town - a Government Funded 
Teaching Hospital Famous for Being Where Dr Christiaan Barnard 

completed the world’s first successful human heart transplant 
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My time in South Africa cemented my 
understanding that my design needed 
to be adaptable, low-cost, and aimed at 
helping parents track their baby’s health 
from home. 

Initially, I envisioned a dual-component 
product: a post-discharge care kit with 
basic monitoring tools that could be 
sent home with parents, integrated with 
a data-processing app for health data 
interpretation and follow-up prompts. It 
would allow healthcare facilities to stay 
connected with families, even after they 
had been discharged. 

I had a choice to make: because of my 
capstone project timeline and scope, 
I needed to narrow it down to starting 
with one product. I didn’t have the time 
or resources to develop both an app and 
a physical kit. 

Findings and Design Adjustment

With careful consideration and input 
from my professors, I decided to narrow 
it down to the app. I knew that without 
the tracking and processing component, 
I would not be able to achieve my goal 
of monitoring health and identifying 
warning signs. The kit, while useful, 
would only enable families to collect 
data, not interpret it in a way they could 
prompt them to seek follow up. It would 
also not connect them with healthcare 
facilities. It made the most sense to 
develop the app first, and then return to 
the kit as a future development.

And so, I set forth on my prototyping 
journey.
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Chapter 7 - Prototyping

Market Analysis

My initial step involved a comprehensive 
analysis of existing baby tracking 
applications. I systematically 
downloaded and documented each app, 
capturing screenshots of every screen. 
These screenshots were then arranged 
into user flows on a whiteboard, 
enabling a comparative assessment of 
each app’s user interface and information 
architecture.
To distill key features, I employed dot-
voting, a design thinking technique that 
facilitates the identification of compelling 
elements.
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•	 Inclusion of partner and caregiver 
information (e.g., age)

•	 Positive affirmation delivery
•	 Baby photo and gestational age at 

birth display
•	 Support for multiple babies (e.g., 

twins)
•	 Comment addition functionality
•	 Growth tracking visualization via 

graphs
•	 Terms of use agreement prior to 

sign-up
•	 Language selection options
•	 Support and educational material 

access
•	 Parent support group connectivity
•	 “How can we support you?” inquiry 

sections
This process yielded a curated list of 
features, including:
•	 Neonatal unit sign-in functionality
•	 Hospital selection capabilities
•	 NICU password/code access
•	 “No code yet? Get your clinic to sign 

up!” prompts

These features served as critical 
benchmarks for informing the user and 
information flow of my own application.

Figure 45:  Market research and feature 
Identification Through Dot Voting



•	 Bacterial infection
•	 Weight (in grams)
•	 Length (head 

circumference and foot 
length)

•	 Temperature
•	 Breastfeeding or drinking 

poorly
•	 Irritability or lethargy
•	 Vomiting
•	 Convulsions
•	 Fast breathing
•	 Difficulty breathing
•	 Blood in stool
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Prototype 1: Early Concepts and
Low-Fidelity Models

To establish a foundational framework 
for my low-fidelity prototypes, I 
referenced the Department of Health’s 
Integrated Management of Childhood 
Illness (IMCI) document.

This resource, shared by a friend who is 
a nursing student working in maternity 
wards, provides South African nurses 
with essential guidelines for managing 
childhood illnesses and identifying 
critical warning signs. The document 
guides nurses through the questions 
they need to ask parents to assess the 
health of infants.

This proved an invaluable resource, 
as I required a guideline of medical 
parameters to understand critical 
warning signs. I focused on the Young 
Infants (Birth up to 2 months) section of 
the IMCI document, which guides nurses 
through assessing and classifying the 
infant, and then identifying treatment.

However, as this guide was not 
specifically designed for premature 
babies, I needed to use my previous 
research to identify which symptoms 
and illnesses were most pertinent to 
identifying warning signs in preemies.

Combining the IMCI document with 
insights from my research and interviews 
with healthcare professionals, I identified 
the following symptoms and illnesses 
for screening in my app:
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Figure 46: Low Fidelity App Flow  Identifying 
Parent Onboarding and Warning Sign Screening
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Figure 47:  Low Fidelity Flow of Basic 
Warning Sign Screening
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Figure 48:  Low Fidelity Flow of Basic Screening for 
Growth When Breastfeeding
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Figure 49:  Low Fidelity Flow of Basic 
Screening for Bacterial Infection
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The profile creation flow included 
thoughtful features such as:
•	 Language selection for accessibility 

and lowering linguistic barriers
•	 Gestational age at birth for 

development and growth tracking
•	 Information on both parents and any 

other primary caregivers
•	 “Add a second baby” option for twins

With the basic information architecture 
defined, I progressed to creating mid-
fidelity wireframe prototypes. This 
involved developing digital mockups 
of the application’s user interface as it 
would appear on a smartphone, using 
Canva to construct a comprehensive user 
flow from sign-up to symptom logging.
I incorporated features identified in my 
market research, particularly for the 
sign-up process. Parents would select 
their NICU, linking their account to a 
healthcare facility for data verification 
and follow-up access.

Prototype 2: 
Mid-Fidelity Models

Wireframes
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Figure 50:  Flow of Parent Onboading  and
Baby Profile Creation



The home screen, the app’s core, 
presented a challenge. I realized that 
while all the symptoms and illnesses 
I had identified were important for 
health screening, they might overwhelm 
parents. I needed to strike a delicate 
balance: gather enough information to 
get a holistic view of the baby’s health 
but make it easy enough so that parents 
were willing to do it every day, with 
relative ease.
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Figure 51:  App Home Screen - Symptom 
and Warning Sign Screening



I made the health screening front and 
center as my homepage. This meant 
that whenever opening the app, parents 
would immediately be prompted 
to assess their infant’s health. This 
increases the likelihood of them filling 
it out each day, while keeping the main 
purpose of the app central.
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Now that I was working with the visual 
layout of the app, I was able to start 
grouping symptoms and illnesses, 
narrowing the screening down to six 
broad “categories of health” with
sub-sections: 
•	 Growth (weight, head circumference, 

length)
•	 Feeding (attachment, suckling)
•	 Breathing (nasal flaring, grunting, 

chest indrawing, apnea, breaths per 
minute)

•	 Behavior (lethargy, irritability)
•	 Stool/Urine (diarrhea, blood in stool)
•	 Other (vomiting, convulsions)

Figure 52:  Flow of Health Screening
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guided to resources of how to provide 
care, and what to look out for. 
I included educational content, where 
applicable, to help parents accurately 
record symptoms. For example, 
symptoms linked to educational content 
such as videos demonstrating warning 
signs (i.e. the “thrush” symptom links to 
a video showing how thrush may look in 
a premature baby, and how to classify 
it). 

This round of prototyping focused on 
a user flow where no serious issues 
were present. Once these symptoms 
are entered, the parent is led to a daily 
report dashboard, where an overview 
of the baby’s health is provided, and 
any concerning trends are highlighted. 
Parents can then click on these sections 
to learn more. They are prompted to 
enter any “follow up” data to get a 
holistic view of their baby’s health. This 
helps build out a more accurate picture 
of what may be wrong so that the app 
can accurately and safely classify their 
symptoms into the correct level of 
concern. If the concern is low, parents are 
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While developing wireframes, a friend of mine introduced 
me to Google AppSheets, a no-code platform. This was 
perfect for me to understand low-cost app development 
without having any coding knowledge. However, it 
lacked the high-fidelity interfaces required for my app’s 
features.
Ultimately, I decided not to pursue it as a prototyping tool, 
but I gained valuable insight into creating parameters for 
identifying data that lies outside a set parameter, and 
what information I needed to know to make my app 
work from a development perspective.

A wrong tangent - Google AppSheets

Figure 53:  Flow of Health Monitoring and 
Warning Sign Detection
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Prototype 3:
Branding

Figure 54:  Colour Scheme
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The development of mid-fidelity 
prototypes necessitated a serious 
branding effort. The auto-generated 
fonts and initial color scheme were no 
longer cutting it, and I really needed a 
name for this app.
Acknowledging my limited User 
Experience and User Interface training, 
I undertook an intensive self-directed 
study of app design principles (thank 
you, YouTube). Fortunately, the design 
community provides a wealth of 
accessible resources.

I utilized Palettemaker to generate a color 
palette that evoked a sense of softness 
and calmness, appropriate for a baby 
tracking application. The colors were 
then processed through Tailwind Colors’ 
gradient tool and RealTime Colors 
for user interface visualization. Once 
satisfied with the color, typography, 
and aesthetic direction, I focused on my 
biggest problem: a name.

You want something short, catchy, and 
meaningful that summarizes your entire 
product in one word? Chances are it’s 
already taken. But, with some head 
scratching (or banging), I eventually got 
there. NeoNu.
The “Neo” prefix represents neonatology, 
the medical specialty focused on 
premature infants. The “Nu” suffix 
derives from “NoeNoe” (pronounced 
“Nu-Nu”), an endearing term used in 
South Africa to refer to a little one. Often, 
if you see a baby in South Africa, you’d 
say “Awww, NoeNoe.” This familiar 
phrase, representative of South African 
babies, served as the inspiration for 
NeoNu.

Figure 55:  Combination Wordmark Logo
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For the logo, I aimed for simplicity while encapsulating the 
application’s purpose. I started by sketching out some ideas 
of logos and settled on the concept of a parent embracing 
their premature baby in their arms.
I then developed this idea in Illustrator, paying attention to 
design guidelines such as the golden spiral to ensure my 
logo read smoothly.
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Figure 56: Logo Design Process

Figure 57:  Pictoral Logos
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In product design,
user validation is crucial.

Chapter 8 - Testing and Real World Validation

Overview of Testing Methodology

My concept was tested through two surveys targeting distinct user groups: professionals 
and caregivers. Professionals included healthcare providers such as community nurses, 
neonatologists, midwives, pediatricians, and NICU staff. Caregivers comprised parents 
and other regular caretakers of premature babies. Surveys were distributed via relevant 
Facebook groups, including NICU and premature baby support groups, with necessary 
permissions obtained for private groups. Both surveys were live for just over a week, 
giving participants enough time to respond.
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The caregiver survey received 10 
responses, with 90% from parents of 
premature babies and 10% from NICU 
nurses.
Key findings include:
•	 66.7% of respondents found the app 

design clear and easy to understand 
with some training, while 33.3% 
required slightly more training.

•	 100% of respondents expressed a 
desire for access to such an app.

•	 40% felt confident in answering all 
screening questions, while 40% 
could answer some.

•	 Concerns were raised about access 
to baby scales for monitoring weight

•	 100% of respondents had access 
to the necessary technology to 
download an app like NeoNu

•	 90% believed the app could be 
implemented in healthcare facilities.

When asked about any additional feature 
that parents could find useful to access 
through the app, the following desired 
additional features were highlighted:
•	 Health summary over time (70%).

Caregiver Survey Results

•	 Educational resources (70%).
•	 Appointment and vaccine schedule 

(70%).
•	 Appointment booking (60%).
•	 Healthcare provider messaging 

(60%).
•	 Developmental milestones, activity 

suggestions for development, and 
24hr healthcare access were also 
requested.

Respondents highlighted the app’s 
potential to reduce anxiety and the 
lack of post-discharge information, 
expressing their interest in using an 
app like NeoNu. Concerns included data 
privacy, liability, and the app’s impact on 
parental instincts, and that it should not 
disempower parents. Hospital-based 
rollout with pre-discharge training was 
suggested to train parents on how to 
effectively use the app. One participant 
mentioned that an app for tracking your 
journey through the NICU was being 
rolled out at a hospital near them – this 
is promising as it shows that concepts 
like this are feasible for implementation.
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The healthcare provider survey received 
5 responses. Key findings include:
•	 80% of respondents worked directly 

with premature babies
•	 60% believed parents could identify 

most of the featured warning signs 
with training, 40% without training

•	 100% saw potential for 
implementation and would 
recommend the app.

•	 80% rated the app’s effectiveness 
in detecting warning signs as “very 
effective,” 20% as “extremely 
effective.”

•	 Technology access of families 
was deemed sufficient by 60% of 
respondents, while 20% felt that 
some families have appropriate 
access to implement the app. A 
further 20% indicated that half of 
the families may have the necessary 
access.

Healthcare Provider Survey Results

Desired additional features included:
•	 Healthcare provider messaging 

(80%).
•	 Appointment booking (80%).
•	 Appointment and vaccine schedule 

(80%).
•	 Educational resources (40%).
•	 Health summary over time (20%)

Participants suggested using simpler 
terms, as some parents may struggle 
to understand and identify the medical 
terms such as lethargy, convulsions, 
or grunting. Additionally, participants 
suggested also screening for the colour 
of the babies’ skin, toes, nail beds, 
and lips to help identify jaundice, skin 
irritations, and hypothermia. Suggestions 
also included NGO integration for data 
interpretation and app rollout in low 
resourced settings.

Participants inquired about data 
evaluation and whether parents 
would receive detailed feedback via 
the app, or just an overview of their 
baby’s health. Concerns were raised 
about implementation in low-resource 
settings, particularly with regards to 
access to technology.
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Key Learnings and Design Refinements

Based on survey results, the following 
design refinements were identified:

•	 Integration of requested additional 
features, including health 
summaries, educational resources, 
appointment scheduling, and 
messaging.

•	 Simplification of medical 
terminology.

•	 Inclusion of skin, nailbed, toe, and 
lip color screening for jaundice and 
hypothermia.

•	 Consideration of data security and 
privacy.

•	 Exploration of strategies to support 
isolated parents.

•	 Development of comprehensive 
educational tools.

•	 Implementation of pre-discharge 
training.

•	 Design of an effective alert system.

Both caregiver and healthcare 
provider groups validated the 
design’s merit and feasibility. 
Key concerns centered on 
data processing, privacy, 
and implementation costs. 
These findings provide a 
solid foundation for refining 
the app’s functionality and 
accessibility.
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Figure 58:
Sleeping Preemie
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Ne Nu
Figure 59: Logos
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Figure 60: Presentation Poster



95

Figure 61: App Home Page
for Health Monitoring
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Figure 62: Presentation Poster
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Figure 63: App Health Dashboard
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Systems thinking provides 
a crucial framework for 
tackling complex, “wicked” 
problems.

Chapter 10 

Too often, design focuses on creating 
aesthetically pleasing solutions rather 
than addressing fundamental needs. 
Designers sometimes solve the problem 
that they want to solve, not the one that 
needs to be solved. It can be tempting to 
be swept up in the glory and shimmer 
of an aesthetic design that sounds 
impressive

While designing incubators from scrap 
materials or revolutionizing NICU 
equipment is appealing, true systemic 
change often lies in improving basic 
infrastructure: education, access to care, 
and resource-based health monitoring. 
These improvements have the most 
significant impact on a large scale. 
Systems design should be the first port 
of call for solving “wicked” problems, 
the first tool we reach for in the face of 
adversity.
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Systems Thinking and The Role of 
Design in Medical Innovation

Systems thinking provides a crucial 
framework for tackling complex, 
“wicked” problems. It allows us to 
understand the intricate nature of these 
issues, identify root causes, and therefore 
develop the most effective interventions 
and solutions. This mindset should 
be applied to any problem we aim to 
solve. At a glance, it may sound like a 
cumulation of marketing buzzwords, 
but on a deeper level it is a mindset that 
allows us to bring about real, measurable 
change.



One of the most frequent questions I get 
asked about my project is how feasible this 
design really is. It is a very valid question!
We could pick apart this design and find 
reasons why it could not work. Not every 
single family in South Africa will have 
access to a smartphone. Not every hospital 
will have resources for extensive training 
and follow-up. Not every parent will use 
the app consistently enough to pick up 
every possible health condition. 

However, we cannot focus on the most 
extreme cases when it comes to creating 
progress. Instead, let’s focus on what we 
do know. Currently, there’s no tool bridging 
the gap between hospital discharge and 
home care for premature babies. 

During an interview with a retired pediatric 
surgeon, I inquired about the peri-viability 
rule regarding premature infants. My 
research indicated that in South African 
hospitals, extremely premature babies 
undergo an initial viability assessment 
before receiving medical care. This 
is because their survival chances are 
significantly lower compared to less 
premature infants. Hospitals must prioritize 
their limited resources to care for those 
babies with a higher likelihood of survival.
I posed my question, half-hoping he would 
tell me that this rule was obsolete. However, 
he confirmed its continued application. This 
struck me deeply; it felt incredibly harsh. 
How could such a practice still exist?

He then explained a crucial aspect: the 
economics of healthcare. Government 
funding is finite, necessitating a focus on 
providing care to the majority. This approach 
may not always include those in extreme 
circumstances. If we want to see progress, 
if we want to help those who fall into the 
“extremes” category, we must strive to shift 
the overall healthcare curve. By effectively 

serving the majority, we create the potential 
to reallocate resources and broaden our 
reach. In essence, by helping the many, we 
pave the way to assist the few. 

NeoNu, while not a universal solution, is 
a vital step forward. Progress also breeds 
more progress. If NeoNu can reach even 
a few families who have smartphones, 
we can begin to think bigger. Seeing is 
believing, and with design innovation, 
nothing is as powerful as a working “proof 
of concept.” It makes your vision appealing 
to investors, users, and other designers. It 
makes it possible to dream big and see a 
future where every premature baby has 
access to the care they need. 

That being said, through my research I am 
confident that NeoNu is not such a reach. 
The 2023 South African General Household 
Survey ¹¹ confirmed that the overwhelming 
majority (92.1%) of households in the 
country owned a cellphone in working order. 
Additionally, more than three-quarters 
(78,6%) of South African households have 
at least one member who has access to 
or uses the Internet. We also know that 
these trends are moving in a positive 
direction as more South Africans and more 
South African households become more 
connected to the internet and technology. 

The conversations I had with healthcare 
providers corroborated these findings; 
they could see NeoNu being rolled out in 
hospitals and clinics across South Africa. 
Parents and caregivers were especially 
optimistic, with one participant even 
requesting the download link for NeoNu. 
NeoNu’s implementation is viable in South 
Africa. Given the rapid advancement of 
technology and increasing accessibility, the 
future potential for this design solution is 
boundless. 
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Grit and Growth: The
Challenges
Final Reflections
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Overwhelm. Anxiety. 
Doubtfulness. These are 
some of the emotions 
that have been prevalent 
throughout this project.

Chapter 11 - Conclusion and The Path Forward

Grit and Growth: The Challenges

Let’s be honest, the design process is 
less of a gentle stroll and more of a full-
contact sport, and this particular project 
decided to play rough.

In the beginning, I felt quite lost in the 
vastness of the problem. I struggled to 
narrow down my problem to something 
specific. I thought the answer would 
become clearer the more research I did. 
However, the more research I did, the more 
problems I identified. My professors urged 
me to narrow down my problem, and we 
played a delicate game of negotiation. 

“Klara, what’s the main problem you’re 
trying to solve?” “I’m not entirely sure, 
but I can assure you, it’s going to be 
monumentally important!” “Right… and 
when might this epiphany occur?” “Any 
minute now! Just after I finish reading this 
120-page document that will, without a 
doubt, illuminate everything.”

Cue endless reading, frantic map-making 
sessions, and long, contemplative walks 
that probably looked more like pacing. 
Eventually (either because I had to or 
because I was ready to), I narrowed it 
down:

“Professors, I’m delighted to announce I 
have an answer!” (Collective sigh of relief) 
“Thank goodness. What are you solving?” 
“I’m creating a tool to identify post-
discharge warning signs in premature 
babies, facilitating timely follow-up.” 
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“Excellent! And what will this… tool look 
like?” “Uh… I’m still working on that.” 
“Okay… but what will it do?” “Well, 
it’ll monitor warning signs, connect 
remote families with healthcare, provide 
educational resources, and maybe even-” 
“Klara, you’re trying to kill us, aren’t you?”

I must thank my professors again for 
trusting me and having such patience 
with me. I don’t think I would have shown 
the same spirit if I were in their shoes. 
Anyhow, you get the gist. The first half of 
this project was a glorious, directionless 
mess. But I clung to the process, trusting 
that, eventually, I reach the end. Or an 
end, at the very least.

It was difficult to speak confidently 
about my progress because I didn’t feel 
confident. However, nothing worth having 
comes easily. Figuring out the “how” was 
a logistical labyrinth. My time in South 
Africa was both inspiring and sobering. 
Viewing my home country through the 
lens of a young designer forced me to 
confront harsh realities. This is never easy 
for a dreamer to do. 

I realized there were barriers and hurdles 
that I didn’t know how to cross. I realized 
that I would not be able to help absolutely 
everyone (at least not at first). I realized 
that this wasn’t a hypothetical situation – 
I had the opportunity to help real people, 
with real problems. The stakes were high. 

Without the unwavering support of the 
healthcare workers I interviewed, I’d 
have thrown in the towel long ago. This 
was a challenging but rewarding journey, 
proving that even in the deepest problem-
dives, solutions emerge - provided we 
have the right buoyancy device to help 
propel us back to the surface. 
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This project was incredibly 
challenging, both personally 
and professionally, it forced 
me to sit in the discomfort of 
not knowing, for a very long 
time.

Final Reflections

I think that is why we feel overwhelmed 
when we want to tackle big, complex 
problems with design. We have to get 
really comfortable with not being sure. 
That’s the crux of tackling big problems: 
embracing uncertainty.
And that’s scary as a designer, because 
you don’t know what your outcome will 
be. And if you are being paid to produce 
something, or your livelihood depends on 
it, it might just be too scary to take that 

leap of faith and face the fact that you 
may not produce a product that solves 
absolutely every aspect of your problem.
However, that doesn’t mean you’re doing 
it wrong. In fact, you’re probably doing it 
just right.

NeoNu is the product of
in-depth, extensive research 
and design.

Future Developments

It not only answers the primary question 
of how to lower neonatal mortality rates 
of premature babies in South Africa, but 
it does so with confidence and poise. 
As I finish my undergraduate in Product 
Design, I look excitedly to the future to see 
what it holds. I am excited to step away 

from this project and gain some space. 
With space comes perspective, and with 
perspective comes new ideas. With those 
new ideas, I’m excited to investigate how 
NeoNu can find its way into healthcare 
facilities and homes in South Africa.



Glossary
Subject Matter

Gestational Age
The length of a 
pregnancy counted 
from the first day 
of the mother’s 
last menstrual 
period, usually 
expressed in 
weeks and days
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Home Care

Medical or 
supportive care 
provided in a 
patient’s home

Loadshedding

A planned or 
unplanned 
temporary power 
outage, often due 
to insufficient 
electricity supply

Midwife

A healthcare 
professional 
who provides 
care to women 
during pregnancy, 
childbirth, and the 
postpartum period

Morbidity

The condition of 
being diseased or 
the rate of disease 
in a population

Mortality

The state of being 
subject to death; 
the death rate

Mortality Rates

The number of 
deaths in a given 
area or period, or 
from a particular 
cause

Neonatal Mortality

The death of a 
newborn baby 
within the first 28 
days of life

Neonatologist

A pediatrician 
specializing in the 
care of newborn 
infants, especially 
those who are ill or 
premature
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Neonatology

The branch 
of medicine 
concerned with the 
care, development, 
and diseases of 
newborn infants

NICU

(Neonatal Intensive 
Care Unit)An 
intensive care 
unit specializing 
in the care of ill 
or premature 
newborn infants

Pediatrician

A medical 
practitioner 
specializing in 
children and their 
diseases

Post-discharge

The period 
following a 
patient’s release 
from a hospital or 
other healthcare 
facility

Preterm Birth

(PtB) Births 
occurring earlier 
than 37 weeks of 
an expected 40-
week full-term 
pregnancy

Preterm Birth 
Rates

The number of 
preterm births per 
1000 live births in 
a population



Glossary
Design Matter

Balancing cause-
effect loops:

Feedback loops that 
counteract change, 
maintaining stability in 
a system
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Capstone Project
A culminating project 
undertaken by 
students, typically in 
the final year of study, 
to demonstrate their 
acquired skills and 
knowledge

Cause-effect loops
Diagrams illustrating 
how variables in a 
system influence 
each other, creating 
feedback loops

Design Thinking
A human-centered, 
iterative problem-
solving process that 
emphasizes empathy, 
ideation, prototyping, 
and testing

Ethnographic
Relating to the study 
of people and cultures 
in their natural setting

High-Fidelity
Models

Detailed, realistic 
prototypes that closely 
resemble the final 
product

Fishbone 
Diagrams

A visual tool used for 
root cause analysis, 
displaying the 
potential causes of a 
problem

Human-centered 
Design

A design philosophy 
that prioritizes the 
needs, wants, and 
limitations of end-
users throughout the 
design process

Iceberg Diagram

A systems thinking 
tool that helps 
visualize the 
underlying structures 
and mental models 
contributing to events
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Interventions
Actions taken to 
improve or modify a 
situation or system

Leverage Points
Strategic intervention 
areas within a system 
where small changes 
can yield significant, 
disproportionate 
shifts in the system’s 
behavior or outcomes

Leverage Wheel
A tool used to identify 
and prioritize leverage 
points for intervention 
within a system

Literature 
Review

A comprehensive 
survey of scholarly 
sources to investigate 
current knowledge on 
a topic

Mind Maps
Diagrams used to 
visually organize 
information, showing 
relationships among 
different parts of a 
topic

Product Design
The process of 
creating new products 
that solve problems or 
meet specific needs

Low-Fidelity
Models

Simple, rough 
prototypes used 
to explore and 
communicate initial 
design concepts

Mid-Fidelity
Models

Prototypes that are 
more refined than 
low-fidelity models 
but less detailed than 
high-fidelity models

Mixed-Methods 
Design

A research approach 
that combines 
qualitative and 
quantitative 
methods to provide 
a comprehensive 
understanding of a 
problem



Glossary
Design Matter

Prototype

An early sample, 
model, or release 
of a product built 
to test a concept or 
process
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Feedback loops 
that amplify 
change, leading 
to exponential 
growth or decline 
in a system

Social Innovation

The process of 
developing and 
implementing 
effective solutions 
to complex social 
problems

Socio-economic

Relating to 
the interaction 
of social and 
economic factors

Spyder Diagram

A visual tool 
used to compare 
multiple 
characteristics of 
different items or 
solutions

Stakeholder

A person or 
organization 
with an interest 
or concern in 
something

Systems Design
A design framework 
for addressing complex 
challenges through 
understanding relationships, 
processes, and feedback 
loops to create solutions 
that are sustainable, 
equitable, and responsive 
to the needs of diverse 
stakeholders

Wicked Problems

Complex, ill-
defined problems 
that are difficult or 
impossible to solve 
due to incomplete 
or contradictory 
requirements

Wireframes

Basic visual 
guides used in 
interface design 
to represent the 
skeletal framework 
of a website or 
application

Reinforcing cause- 
effect loops
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Appendix
The Integrated Management of Childhood Illness document, instrumental for 
understanding which warning signs to screen for, and how.
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A design thesis exploration of social innovation. 
Premature infants face numerous 
environmental and biological risk factors 
post-discharge, which contribute significantly 
to adverse health outcomes.
Parents and caregivers of premature babies 
face complex environmental and 
socio-economic constraints, leaving them 
without the necessary tools and support to 
monitor their baby’s health post discharge, or 
to attend regular followup appointments.
NeoNu, a mobile application, was designed to 
address these challenges by enabling parents to 
track their infant’s health, identify warning 
signs, and facilitate communication with 
healthcare providers.

“How do we make a positive 
impact through design?”


